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Description 

BACKGROUND OF THE INVENTION 

s [0001 ] This invention is directed to a balloon for a blood vessel-dilating catheter. 

[0002] A balloon catheter having an inflatable balloon secured at its distal end has been applied for various cavities 
in a living body including a blood vessel. Utility of the balloon catheter is increasing in various medical fields. 
[0003] Of the balloon catheters mentioned above, a blood vessel-dilating catheter is employed in percutaneous trans- 
luminal coronary angioplasty (PTCA) to dilate a stenosis or a narrowing in a blood vessel such as coronary artery. In 

10 PTCA, femoral artery is secured, for example, by Serdinger method; a guiding catheter is introduced into the thus 
secured femoral artery and advanced through the lumen of the artery until it reaches near the target lesion, the narrow- 
ing in the artery, by manipulating a guide wire; a blood vessel-dilating catheter is introduced into the lumen of the guid- 
ing catheter to locate the balloon beyond the distal end of the blood vessel-dilating catheter; and a blood vessel-dilating 
fluid is introduced into the lumen of the blood vessel-dilating catheter to inflate the balloon to thereby dilate the narrow- 

15 ing in the blood vessel. 

[0004] Such a blood vessel-dilating catheter is required to have a trackability so that the blood vessel-dilating catheter 
can smoothly advance through the lumen of the guiding catheter along the tortuous blood vessel to reach the lesion 
site. The balloon is required to have a sufficient dimensional stability as well as excellent strength and flexibility so as 
to avoid excessive dilatation of the narrowing of the blood vessel. 
20 [0005] Typical balloons for balloon catheters are disclosed in USP 4,093,484; 4,1 54,244; 4,254,774; 4,906,244; and 
5,108,415; and PCT Application No. JP88/00202. 

[0006] The balloons described in these patents and patent application comprise a mixture of an ethylene-butylene- 
styrene block copolymer and a low molecular weight polystyrene having polypropylene optionally added thereto; a com- 
position similar to the one just mentioned wherein butadiene or isoprene is used instead of the ethylene and the buty- 
25 lene; polyvinyl chloride; polyurethane; a polyester copolymer; a thermoplastic rubber; a silicone-polycarbonate 
copolymer; an ethylene-vinyl acetate copolymer; biaxially oriented Nylon 12; biaxially oriented polyethylene terephtha- 
late; polyethylene; a crosslinked ethylene-vinyl acetate copolymer; etc. 

[0007] The materials particularly used for the balloons of the blood vesseWilating catheters include polyvinyl chloride 
(hereinafter abbreviated as PVC), polyethylene (hereinafter abbreviated as PE), biaxially oriented Nylon 12 (hereinafter 

30 abbreviated as N1 2), and biaxially oriented polyethylene terepthalate (hereinafter abbreviated as PET). 

[0008] Among these, aliphatic high polymers such as PE, PVC, and N1 2 are highly flexible, realizing a sufficient track- 
ability. These materials, however, are insufficient in their strength to detract from dimensional stability. 
[0009] PET, on the other hand, has excellent strength and dimensional stability. PET, however, has an excessively 
high modulus of elasticity due to crystallization caused by the biaxial orientation, and therefore, is inferior in impact 

35 strength, tear resistance and flexibility, leading to poor trackability of the catheter. 

[0010] Furthermore, PET is poor in coating adaptability, adhesibility, and heat sealability to suffer from insufficient 
operativity and workability in preparing the balloon catheter. In addition, PET inherently lacks antithrombotic properties, 
and it would be quite difficult to subject the P ET to various treatments to impart biocompatibility, in particular, Wood com- 
patibility. 

40 

SUMMARY OF THE INVENTION 

[001 1] The present invention has been achieved in view of the above-described situation. An object of the present 
invention is to provide a balloon for a blood vessel-dilating catheter wherein the softness and the flexibility is improved 
45 without compromising the dimensional stability. Another object of the present invention is to provide a balloon for a 
blood vessel-dilating catheter wherein the modulus of elasticity is reduced to prevent an injury of the blood vessel inner 
surface, and which is blood compatible so that the catheter may be indwelled within the blood vessel for a prolonged 
period of time. 

[001 2] According to the present invention, there is provided a balloon for a blood vessel-dilating catheter fabricated 
so from a biaxially oriented film of an aromatic polyamide or an alloy thereof, said balloon having a calculated modulus of 
elasticity of from 70 to 190 kg/mm 2 . 

[001 3] The aromatic polyamide may preferably be a polyamide prepared by polycondensing xylylenediamine with an 
aliphatic dicarboxylic acid. 

[001 4] The aliphatic dicarboxylic acid may preferably be adipic acid. 
55 [001 5] The aromatic polyamide may preferably be a polyamide prepared by polycondensing isophthalic acid and an 
aliphatic diamine. 

[001 6] The aliphatic diamine may preferably be hexamethylenediamine. 

[001 7] The alloy of the aromatic polyamide may contains up to 50% by weight of an aliphatic polyamide. 
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[001 8] The aliphatic polyamide blended in the polyamide alloy may preferably be at least a member selected from the 
group consisting of Nylon 6, Nylon 64, Nylon 66, Nylon 610, Nylon 612, Nylon 46, Nylon 9, Nylon 11, Nylon 12, and 
polyether amide. 

[0019] The balloon may have a burst pressure of at least 10 kg/cm 2 . 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0020] 

10 Fig. 1 is a sectional view of a blood vessel-dilating catheter having the balloon of the present invention at its distal 
end. 

Fig. 2 is a sectional view taken on line l-l of Fig. 1. 
PETAIUEP PESGRIPTIQN QF THE INVENTION 

15 

[0021] PET, as described above, has a high strength, a high modulus of elasticity and a good dimensional stability, 
although it is poor in flexibility. PET also has a quite high melting point rendering the balloon molding difficult On the 
other hand, aliphatic polymers such as PE, PVC and N12 are highly flexible, and the resulting blood vessel-dilating 
catheter may have a good trackability. Such aliphatic polymers, however, are poor in strength and dimensional stability, 

20 and also, suffer from decrease in their strength and dimensional alteration upon water impregnation. 

[0022] In contrast, the balloon for a blood vessel-dilating catheter (hereinafter simply referred to as balloon) of the 
present invention comprises an aromatic polyamide, which has an excellent dimensional stability, or an alloy thereof 
with an aliphatic polyamide, which has an excellent flexibility and elasticity. A balloon having both excellent dimensional 
stability and high flexibility is thereby provided. One example of the balloon of the present invention is shown in Fig. 1 . 

25 [0023] As shown in Fig. 1, the blood vessel-dilating catheter having the balloon of the present invention at its distal 
end consists of an inner tube 1 , an outer tube 2 and a balloon 3. 

[0024] The inner tube 1 has a first lumen 4 with an opening provided at its distal end. The first lumen 4 is intended to 
transmit a guide wire therethrough. 

[0025] The outer tube 2 is intended to transmit the inner tube 1 therethrough and has its distal end provided back from 

30 the distal end of the inner tube. The inner surface of the outer tube 2 and the outer surface of the inner tube 1 form a 
second lumen 6. The distal end of the second lumen 6 is connected with the proximal end of the balloon 3 which will be 
described later, and filled with a fluid (angiographic agent, for example) for inflating the balloon 3. The distal end of the 
outer tube 2 is fixed to the inner tube 1 without blocking up the second lumen 6. More illustratively, as shown in Fig. 2, 
it is fixed by a filler 5 provided between the outer tube 2 and the inner tube 1 , and the filler 5 has a partial cavity 5a, with 

35 which the second lumen 6 and the inside of the balloon 3 are connected with each other. 

[0026] The balloon 3 is foldable, and can be folded around the inner tube 1 when it is not inflated. The balloon 3 has 
a substantially cylindrical portion 3a having almost the same diameter and at least partially cylindrical so that it can 
dilate a narrowing in a blood vessel with ease. The proximal end 8 of the balloon 3 is fixed liquid-tightly to the distal end 
of the outer tube 2, and the distal end 7 thereof is fixed liquid-tightly to the distal end of the inner tube 1 so that a dilating 

40 space 15 is formed between the inner surface of the balloon 3 and the outer surface of the inner tube 1 . The proximal 
end of the dilating space 15 is connected with the second lumen 6 through the cavity 5a of the filler 5. 
[0027J A reinforcing material 1 4 provided on the outer surface of the inner tube 1 is made of coil spring, and is located 
near the distal end of the outer tube 2 and also near the center of the balloon 3 on the outer surface of the inner tube 1 
so that the position of the balloon 3 can be observed through an X-raying. 

45 [0028] Such a balloon having excellent dimensional stability as well as high flexibility may be introduced into the blood 
vessel with little impact against the blood vessel inner surface to prevent the blood vessel inner surface from being 
injured. 

[0029] The reduced modulus of elasticity results in a highly flexible, soft balloon which may be easily folded to a small 
size with no rigid fold being formed by folding. Hard materials like PET having a high modulus of elasticity are difficult 

so to fold into a small size due to rigid folds formed upon folding. 

[0030] The balloon catheter having the balloon of the present invention secured thereto has a good trackability to fol- 
low the tortuous blood vessel and enable the balloon to reach the target lesion. More illustratively, the trackability of the 
balloon catheter depends not only the foldability of the balloon to a small size but also on the flexibility of the folded bal- 
loon, namely, shell. The balloon formed of PET is poor in the flexibility of the shell to result in an inferior trackability of 

55 the catheter provided with the PET balloon. In contrast, the shell of the balloon of the present invention is soft and flex- 
ible to realize a good trackability of the catheter. 

[0031 ] The balloon of the present invention has a good adhesion to the catheter body due to the properties inherent 
to the resin material. Such a good adhesion to the catheter body is quite favorable for production, and the resulting good 
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adhesion strength between the balloon and the catheter body prevents the balloon from being peeled off from the cath- 
eter body during its storage or use. 

[0032] Furthermore, the balloon of the present invention is excellent in blood compatibility, namely, antithrombotic 
properties due to the properties inherent to the resin material, and therefore, may be indwelled within the blood vessel 
5 for a prolonged period compared to conventional balloon catheters. In addition, since the balloon of the present inven- 
tion has good compatibility with other resins as well as good coating adaptability, the balloon may be surface treated 
with various agents and resin coatings to realize sustained effects of the treatment. 

[0033] For example, the balloon may have its exterior surface treated with various antithrombotic materials and agents 
to impart the balloon with a high blood compatibility for a prolonged period. The surface of the balloon may be subjected 
w to other surface treatments for other purposes including smooth passage of the balloon through the lumen of the Wood 
vessel filled with viscous blood, and prevention of the blood vessel interior surface from being injured by the traffic of 
the balloon. 

[0034] Although the above-mentioned aliphatic polymers such as PE, PVC and N12 are flexible, they have low calcu- 
lated modulus of elasticity and low burst pressure. On the other hand, the balloon made from the above-mentioned PET 
is has a high burst pressure. However, once the PET balloon undergo bursting, it disrupts into numerous small pieces or 
debris which are quite difficult to recover. In contrast, the balloon of the present invention has a high burst pressure and 
would not burst even when a pressure of about 10 atmosphere is applied for expansion of the balloon, and even when 
the balloon should burst, it tears in a wadding configuration to enable a safe recovery. 

[0035] Also, the balloon of the present invention has an impact strength higher than that of the PET balloon, and there- 
to fore, may fully endure a rapid inflation leading to safety. 

[0036] The balloon for blood vesseWilating catheter of the present composition comprises either an aromatic polya- 
mide having a good dimensional stability, or an alloy of such an aromatic polyamide with other resin components, in par- 
ticular, an aliphatic polyamide having a sufficient flexibility or elasticity. When the balloon comprises a polyamide alloy, 
ratio of the components may be adjusted to realize desired properties including a calculated modulus of elasticity in the 
25 range of from 70 to 1 90 kg/mm 2 , and preferably from 70 to 1 60 kg/mm 2 . 

[0037] The term aromatic polyamide used herein designates a polyamide produced by polycondensing a diamine and 
a dicarboxylic acid, at least a part of the diamine or the dicarboxylic acid containing an aromatic ring. 
[0038] The diamine or the dicarboxylic acid moieties containing an aromatic ring may preferably constitute from 25 to 
75% by weight, and most preferably from 40 to 60% by weight of the aromatic polyamide. It is to be noted that the molar 
30 ratio of the diamine or the dicarboxylic acid moieties containing an aromatic ring to the diamine or the discarboxylic acid 
moieties containing no aromatic ring may not necessarily be 1:1. It is also to be noted that the aromatic polyamide may 
be produced by polycondensing two or more types of diamines and dicarboxylic acids. 

[0039] Typical diamines or dicarboxylic acids having at least one aromatic ring include those represented by general 
formulae [I]: 
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X 1 and X 2 independently represent -COOH or -NH 2 ; 

Y is a divalent group selected from -O-, -S-, -S0 2 -, -(CH 2 ) n - wherein n is 1 to 4, -CH(CH 3 )CH 2 - t -OCCH^nO-wherein 
n is 0 to 4, -COO-, -CONH-, and -C(CH 3 ) 2 -; 

Z is a divalent group selected from -OfCH^n wherein n is 1 to 4, and -(CH^- wherein n is 1 to 4; 




is benzene ring which may be substituted at any position; and 




is naphthalene ring which may be substituted at any position. 
[0040] Among these, those represented by formulae (2) and (3) are preferred. 

[0041] Typical aliphatic diamines or dicarboxylic acids having no aromatic ring therein include diamines and dicarbo- 
xylic acids derived from a straight-chain, a branched, or an alicyclic hydrocarbon, as represented by general formulae 
[II]: 

X1-(CH2)n-X2, wherein n is 2 to 12 (1) 



X r (CH 2 )nH^H h(CH 2 )n-X 2 , wherein n is 0 to 3 \2) 



X 1 -(CH 2 CH 2 0) m -X 2 . wherein m is 1 to 1.000 


(3) 


XHCHaCHgCHaCHaO^-Xg, wherein m is 1 to 1,000 


(4) 


XHCHaCI-KCHsJOm-Xg, wherein m is 1 to 1.000 


(5) 


a dimeric acid 


(6) 


X r (CH2C(CH3) 2 CH2) m -X2. wherein m is 1 to 4 


(7) 



[II], wherein and X 2 independently represent -COOH or -NH 2 . 

[0042] Among these, aliphatic diamines or dicarboxylic acids represented by formula (1) are preferred. 
[0043] The aromatic polyamide may have a polymerization degree of approximately 50 to 5,000, and most preferably, 
approximately 100 to 3,000, and an average molecular weight of approximately 3,000 to 100,000, and most preferably, 
approximately 5,000 to 20,000. 

[0044] Of the aromatic polyamides mentioned above, the most preferred in view of workability and physical properties 
are Nylon MXD6 synthesized from m-xylylenediamine and adipic acid and Nylon 61 synthesized from hexamethylene- 
diamine and isophthalic acid. 

[0045] In the present invention, the aromatic polyamide as described above may be used either alone or as a main 
component in a polymer alloy wherein the aromatic polyamide is alloyed with a resin component having a sufficient flex- 
ibility and elasticity. 
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[0046] Exemplary alloying resins having a sufficient flexibility which may be used alone or in combination of two or 
more include thermoplastic resins such as aliphatic polyamides, modified polyolef ins, polyphenylene oxides, ABS res- 
ins and polyesters. Among these, aliphatic polyamides are most preferable in view of their good compatibility with the 
aromatic polyamide as well as their sufficient workability. 
5 [0047] Illustrative aliphatic polyamides which may be used alone or in combination of two or more include Nylon 6, 
Nylon 64, Nylon 66, Nylon 610, Nylon 612, Nylon 46, Nylon 9, Nylon 11, Nylon 12, and polyether amide. 
[0048] The term, alloy or polymer alloy used herein is a concept including polymer blend, graft copolymer, random 
copolymer, block copolymer, and the like. 

[0049] An alloying agent or a compatibilizing agent may optionally be employed in alloying the aromatic polyamide 

10 with other resins such as an aliphatic polyamide. 

[0050] The resin having a sufficient flexibility, which may typically be an aliphatic polyamide, may comprise up to 50% 
by weight, most preferably from 0 to 40% by weight of the polymer alloy. When the flexible resin component comprises 
more than 50% by weight, the resulting balloon would be too poor in its modulus of elasticity and strength leading to 
insufficient dimensional stability. 

is [0051 ] The balloon of the present invention may be secured to the blood vessel-dilating catheter body, which may typ- 
ically comprise a resin material such as polyvinyl chloride and polyethylene, by thermal fusion using a suitable heating 
means or with an adhesive or a solvent such as epoxy resin or cyanoacrylate adhesive. The balloon of the present 
invention has an excellent adhesibility with the catheter body owing to the properties inherent to the resin material, and 
exhibits excellent adhesion strength after securing of the balloon to the catheter body. Use of the balloon of the present 

20 invention, therefore, is quite advantageous for the production of a balloon catheter, and the thus produced balloon cath- 
eter may be safely stored and used with no risk of the balloon from being peeled off the catheter body. 
[0052] The balloon of the present invention is produced by biaxially orienting the above-described aromatic polyamide 
or the alloy thereof wherein the the aromatic polyamide is the main constituent. 

[0053] In an exemplary process for producing the balloon of the present invention, a tube or a tubular body is fabri- 
cs cated from the above-described aromatic polyamide or the alloy thereof wherein the aromatic polyamide is the main 
constituent; and the thus produced tube is axially oriented by such means as elongation or drawing. The axial orienta- 
tion may preferably be carried out at an elevated temperature of, for example, from 45 to 130°C. 
[0054] The thus axially oriented tube may have a length larger than its preorientation length by a factor of about 1.5 
to 5. 

30 [0055] Next, a mold having a cavity of a configuration corresponding to the balloon in its inflated state is placed over 
the axially oriented tube at approximately central position in its axial direction. The mold is then heated to a temperature 
of, for example, from 45 to 130°C to heat the tube. The tube is inflated in its radial direction at the heated portion by 
applying an elevated pressure. The radius of the tube after the inflation may be about two to eight times larger than the 
radius of the tube before the inflation. 

35 [0056] The heated, pressurized conditions of the tube as described above are maintained for a certain period, for 
example, one second to five minutes, and then, the tube is allowed to cool to approximately room temperature while the 
elevated pressure within the tube is maintained. The tube is thus oriented in its radial direction to form the desired bal- 
loon configuration. It is to be noted that the balloon may be subjected to repeated cycles of heat application and cooling 
to thereby remove the strain of the balloon. 

40 [0057] After the cooling of the tube, the pressure is reduced to normal pressure, the mold is removed, and the balloon 
is trimmed to produce the balloon of the present invention. 

[0058] The thus produced balloon of the present invention may have a calculated modulus of elasticity of from 70 to 
190 kg/mm 2 , and more preferably from 70 to 160 kg/mm 2 . 

[0059] A balloon having a calculated modulus of elasticity of less than 70 kg/mm 2 is insufficient in strength and dimen- 
45 sional stability. A balloon having a calculated modulus of elasticity in excess of 190 kg/mm 2 is insufficient in softness 
and flexibility leading to poor trackability of the catheter. Such a balloon also requires a high pressure for inflation, and 
even when inflated, the balloon may surpass its yield point and experience a plastic deformation to disenable restora- 
tion to its original configuration. 

[0060] The term, calculated modulus of elasticity, E used herein is determined from a calculated tensile strength, Sc 
50 which represent the tensile strength in radial direction in film equation. The calculated tensile strength, Sc may be deter- 
mined by equation [I]: 

Sc = PxD/2t [I] 

55 wherein 

Sc is the calculated tensile strength of the film, 
P is the pressure applied, 
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D is the initial diameter of the balloon, and 
t is the thickness of the balloon. 

[0061] In practice, the calculated tensile strength, Sc and the calculated modulus of elasticity, E are calculated after 
5 measuring the stress (pressure) and the strain (balloon diameter) of a balloon filled with water. Detailed measuring 
processes are described in Examples. 

[0062] The calculated modulus of elasticity, E corresponds to the slope of the linear portion, wherein Hooke's law is 
applicable, of the stress-strain curve obtained by plotting the stress component (strength, Sc) in relation to the strain 
component (inflation of the balloon). In other words, the calculated modulus of elasticity is initial modulus of elasticity of 
10 the balloon, which may be determined by equation [II]: 

E = 6ScxD/6D [II] 

wherein 

15 

E is the calculated modulus of elasticity, 
6Sc is increment in the strength, 
D is initial diameter of the balloon, and 
5D is increment in the balloon diameter. 

20 

[0063] The balloon of the present invention may have a non-limited thickness, which may preferably be from 5 to 30 
fim, and more preferably be from 7 to 20 jxm. 

[0064] Conventional PET balloons, which are provided with excellent strength and dimensional stability, are quite 
hard, and have a calculated modulus of elasticity of 200 kg/mm 2 or higher. In the present invention, the calculated mod- 
25 ulus of elasticity has been reduced to 70 to 190 kg/mm 2 , and preferably, to 70 to 160 kg/mm 2 , by fabricating the balloon 
from the aromatic polyamide or the alloy thereof, whereby a production of a balloon provided with softness and flexibility 
as well as dimensional stability is enabled. 

[0065] It is to be noted that the PET balloon could be imparted with a reduced modulus of elasticity by reducing the 
degree of orientation. In such a case, however, the stress-strain curve would exhibit a yield point, beyond which the 

30 dimensional stability as well as the strength would undergo a significant decrease. A pressurization of the balloon 
beyond such a yield point would lead to a plastic deformation of the balloon upon which a restoration to its original con- 
figuration and dimension would be impossible to render the withdrawal or recovery of the balloon difficult. Therefore, 
only a considerably limited range of pressure could actually be employed for the PET balloon inflation. 
[0066] In contrast, the balloon of the present invention is provided with sufficient softness and flexibility without conv 

35 promising the dimensional stability and the strength. Accordingly, the inner surface of the blood vessel to which the 
blood vessel-dilating catheter is inserted is prevented from being injured by the balloon upon such an occasion as inser- 
tion of the catheter. 

[0067] In addition, the balloon of the present invention, which is fabricated from the aromatic polyamide or an alloy 
thereof, has an excellent blood compatibility or antithrombotic property, and therefore, may be indwelled in the blood 

40 vessel for a prolonged period. 

[0068] The balloon of the present invention may preferably have a burst pressure of 10 kg/cm 2 or higher, and more 
preferably, from 13 to 20 kg/cm 2 . The pressure normally required for inflating the balloon is approximately 7 to 8 atm. 
The balloon of the present invention, which has a burst pressure of 10 kg/cm 2 or higher, would endure a more severe 
pressurization than such a normal pressurization, and therefore, could be successfully employed for treating a tight ste- 

45 nosis requiring even higher pressurization. 

[0069] The present invention is described by referring to the following non-limiting Examples of the present invention 
as well as Comparative Examples. 

EXAMPLES 

50 

Example 1 

[0070] Nylon MXD6 (grade 6121, manufactured by Mitsubishi Gas Chemical Company, Inc.), which is an aromatic 
polyamide produced by polycondensing m-xylylenediamine and adipic acid, was molded into a tube having an inner 
55 diameter of 0.7 mm 2 and an outer diameter of 1 .1 mm. The tube was axially oriented to a length three times larger than 
its original length in an atmosphere at a temperature of 81 °C. The tube was then placed in a metal cylinder provided 
with a cylindrical cavity with an inner diameter of 3 mm having opposite tapered ends. The metal cylinder was heated 
to a temperature of 85°C, and nitrogen was introduced into the tube to a pressure of 15 kg/cm 2 from its opposite ends. 
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The tube was kept at this pressure and temperature for 1 5 seconds. The tube was then allowed to cool to room temper- 
ature in 1 minute with the pressure being kept at the constant level. 

[0071 ] The metal cylinder was heated again with the pressure being kept at the constant level, but this time to a tem- 
perature of 130°C, and the tube was allowed to heat set for 20 seconds and cool to room temperature in 90 seconds. 
5 [0072] After reducing the pressure, the biaxially oriented balloon was removed from the metal cylinder, and trimmed 
to obtain the balloon of the present invention. The resulting balloon had an outer diameter at its dilated portion of 3 mm 
and a film thickness of 15.0 \im. 

Example 2 

10 

[0073] With 80% by weight of the Nylon MXD6 employed in Example 1 was blended and kneaded 20% by weight of 
Nylon 6 (grade 1030BRT, manufactured by Unitika Ltd.), which is an aliphatic polyamide, in a twin-screw extruder to pro- 
duce MXD6/N6 alloy pellets. 

[0074] A balloon was produced from these pellets in a manner similar to Example 1. The resulting balloon had an 
75 outer diameter at its dilated portion of 3 mm and a film thickness of 1 5.5 urn. 

Example 3 

[0075] With 60% by weight of the Nylon MXD6 employed in Example 1 was blended and kneaded 40% by weight of 
20 Nylon 6 (grade 1 030BRT, manufactured by Unitika Ltd.), which is an aliphatic polyamide, in a twin-screw extruder to pro- 
duce MXD6/N6 alloy pellets. 

[0076] A balloon was produced from these pellets in a manner similar to Example 1. The resulting balloon had an 
outer diameter at its dilated portion of 3 mm and a film thickness of 14.3 jim 

25 Example 4 

[0077] The procedure of Example 1 was repeated except that Nylon 61 produced by polycondensing hexamethylene 
diamine and isophthalic acid was used for the aromatic polyamide. The resulting balloon had an outer diameter at its 
dilated portion of 3 mm and a film thickness of 15.1 jim. 

30 

Example § 

[0078] With 70% by weight of the Nylon 61 employed in Example 4 was blended and kneaded 30% by weight of Nylon 
6, which is an aliphatic polyamide, in a twin-screw extruder to produce N6I/N6 alloy pellets. 
35 [0079] A balloon was produced from these pellets in a manner similar to Example 1. The resulting balloon had an 
outer diameter at its dilated portion of 3 mm and a film thickness of 15.3 fim. 

Comparative Example 1 

40 [0080] A commercially PET balloon mini-profile™ USCI (manufactured by United States Catheter and Instrument) 
having an outer diameter at its dilated portion of 3 mm and a film thickness of 1 0 urn. 

Comparative Example 2 

45 [0081] A commercially Nylon 12 balloon Cordis-Helix™ (manufactured by Dordis) having an outer diameter at its 
dilated portion of 3 mm and a film thickness of 8 jim. 

Experiment 1; Burst Test 

so [0082] The balloons produced in the above-described Examples 1 to 5 and Comparative Examples 1 and 2 were sub- 
jected to a burst test. The burst test was conducted by filling the balloon with distilled water, and applying a pressure 
gradually increasing at a rate of 1 kg/cm 2 until the burst of the balloon. In this test, the balloon was recorded for its defor- 
mation in relation to the pressure applied. 

[0083] In this burst test, the balloon was evaluated for its burst pressure and maximum percentage of inflation. In addi- 
55 tion, calculated tensile strength and calculated modulus of elasticity were determined from the recorded experimental 
data and the dimensional measurements of the balloon by the above-mentioned equations [I] and [II]. The results are 
shown in Table 1, below. 
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Table 1 



5 




Balloon 


Calc. tensile 
strength, 
kg/mm 2 


Calc. modulus 
of elasticity; 
kg/mm 2 


Burst pressure, 
kg/cm 2 


Max. inflation, 
% 






Material 


Film thickness, 
jim 










10 


E.1 


NMXD6 


15.0 


18.7 


159 


19.6 


18.9 




E.2 


NMXD6/N6 
(80/20) 


15.5 


18.8 


93.2 


20.3 


24.3 


15 


E.3 


NMXD6/N6 
(60/40) 


14.3 


15.6 


76.9 


14.7 


37.6 




E.4 


N6I 


15.1 


18.9 


168 


20.4 


16.1 




E.5 


N6I/N6 (70/30) 


15.3 


16.9 


87.0 


18.5 


26.5 


20 


C.E.1 


PET 


10 


29.3 


202 


21.9 


14.1 


C.E.2 


N12 


8 


15.3 


43.9 


9.0 


32.4 



[0084] The data in Table 1 reveal that the balloon of the invention produced in Examples 1 to 5 had a calculated mod- 
ulus of elasticity in the range of from 70 to 190 kg/mm 2 , and a burst pressure of as high as over 10 kg/cm 2 to exhibit 
25 sufficient dimensional stability as well as satisfactory softness and flexibility. 

[0085] In contrast, the balloon of Comparative Example 1 had a calculated modulus of elasticity of as high as 202 
kg/mm 2 to exhibit poor flexibility. 

[0086] In order to reduce the modulus of elasticity, a sample with a reduced degree of orientation was prepared by 
repeating the procedure of 1 except that a PET tube was employed and the degree of axial orientation was reduced to 
30 2.7. The resulting balloon had an outer diameter in its dilated portion of 3 mm and a film thickness of 15.5 jim. 

[0087] The thus prepared balloon was subjected to the above-described burst test. The balloon had a calculated ten- 
sile strength of 1 6.8 kg/mm 2 and a calculated modulus of elasticity of 1 30 kg/mm 2 . The burst pressure was 1 8.2 kg/cm 2 
and the maximum inflation rate was 22.5%. 

[0088] The balloon, however, exhibited a yield point in stress-strain curve. When a balloon compliance, namely, the 
35 balloon diameter in relation to the pressure was measured, a significant increase in the balloon diameter was observed 
at a pressure of 12 kg/cm 2 to show that the balloon had undergone a plastic deformation after the yield point. Indeed, 
the balloon failed to restore its original dimension after the lowering of the pressure. 

[0089] As described above, the modulus of elasticity may be reduced by such means as adjusting the degree of ori- 
entation. The resulting balloon, however, is not desirable for the purpose of the present invention since it exhibits a yield 
40 point. 

[0090] The balloon of Comparative Example 2 had a low calculated modulus of elasticity of 43.9 kg/mm 2 , and accord- 
ingly, a burst pressure of as low as 9.0 kg/cm 2 . The pressure normally required for inflating the balloon is approximately 
7 to 8 atm. Some operators, however, may conduct balloon inflation at a pressure of approximately 10 atm. or even 
higher. A burst pressure of less than 10 kg/cm 2 would therefore be insufficient. 

45 [0091 ] The mode of the burst of the balloon is also a matter of interest. The balloons of Examples 1 to 5 of the present 
invention were axially split upon bursting, and therefore, could easily be recovered. In contrast, the balloons of the Com- 
parative Example 1 bursted into numerous debris, which were quite difficult to recover if not impossible. 
[0092] If such a bursting of the balloon burst should take place in a living body to leave unrecoverable balloon debris 
in the blood vessel, they may induce an extremely dangerous clogging in coronary artery as well as peripheral blood 

so vessels. The balloon of the present invention undergo a bursting wherein an woolly residuum is left. The balloon of the 
present invention, therefore, could be thoroughly recovered with no significant difficulty even if the balloon should burst 
in a living body. 

Experiment 2: Puncture Test 

55 

[0093] Rim samples having a size of 150 mm x 150 mm with the film composition and thickness identical with each 
of the balloons of the Examples (biaxially oriented ratio 3 x 6) 1 to 5 were prepared to evaluate their impact strength in 
accordance with JIS P81 34 using a puncture tester. The films exhibited an impact strength in the range of from 5 to 10 
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kg • cm. The test results reveal that the balloons of the present invention are provided with a sufficient safety to endure 
a rapid inflation. 

[0094] For comparison purpose, a film sample of PET biaxially oriented to 4 x 4 was evaluated for its impact strength 
in the same manner as described above. The impact strength was 4 kg • cm. The PET balloon of Comparative Example 
5 1 is therefore estimated to have a poor impact strength. 

[0095] As set forth above, the balloon of the present invention for a blood vessel-dilating catheter is provided with 
excellent dimensional stability as well as sufficient softness and flexibility, leading to an improved trackability of the cath- 
eter to reach the target lesion. Injury of the blood vessel upon the introduction of the catheter into the blood vessel is 
also prevented. 

10 [0096] The balloon of the present invention also has an improved adhesibilrty to the catheter to which the balloon is 
secured. This is quite advantageous for production purpose, and peeling of the balloon from the catheter is avoided. 
[0097] Furthermore, the balloon of the present invention has an excellent blood compatibility, namely, antithrombotic 
property to enable the dwelling of the catheter in the blood vessel for a prolonged period of time. Also, the balloon of 
the present invention could easily be subjected to various surface treatments including coating of antithrombotic mate- 
rs rials and agents on the exterior surface of the balloon. 

[0098] Still further, the balloon of the present invention has a high burst pressure as well as an excellent impact 
strength to fully endure a rapid ballooning or inflation at a high pressure. Therefore, the balloon of the present invention 
is quite safe. 

20 Claims 

1 . A balloon for a blood vessel-dilating catheter fabricated from a biaxially oriented film comprising an aromatic polya- 
mide or an alloy thereof with an aliphatic polyamide, said balloon having a calculated modulus of elasticity of from 
70 to 190 kg/mm 2 . 

25 

2. The balloon according to claim 1 wherein said biaxially oriented film consists essentially of an aromatic polyamide 
or an alloy thereof with an aliphatic polyamide. 

3. A balloon for a blood vessel-dilating catheter fabricated from a biaxially oriented film comprising an alloy of an aro- 
30 matic polyamide with a modified polyolef in, a polyphenylene oxide, an ABS resin or a polyester, said balloon having 

a calculated modulus of elasticity of from 70 to 190 kg/mm 2 . 

4. The balloon according to claim 1 or 2 wherein said aromatic polyamide is a polyamide prepared by polycondensing 
xylylenediamine with an aliphatic dicarboxylic acid. 

35 

5. The balloon according to claim 4 wherein said aliphatic dicarboxylic acid is adipic acid. 

6. The balloon according to claim 1 or 2 wherein said aromatic polyamide is a polyamide prepared by polycondensing 
isophthalic acid and an aliphatic diamine. 

40 

7. The balloon according to claim 6 wherein said aliphatic diamine is hexamethylenediamine. 

8. The balloon according to one of claims 1 , 2 and 4 to 7, wherein said alloy of the aromatic polyamide contains up to 
50 % by weight of an aliphatic polyamide. 

45 

9. The balloon according to claim 8 wherein said aliphatic polyamide is at least a member selected from the group 
consisting of Nylon 6, Nylon 64, Nylon 66, Nylon 610, Nylon 612, Nylon 46, Nylon 9, Nylon 11, Nylon 12, and pol- 
yether amide. 

so 10. The balloon according to one of claims 1 to 9 wherein said ballon has a burst pressure of at least 10 kg/cm 2 . 
Patentanspruche 

1. Ballon fQr einen BlutgefaBdilatationskatheter, hergestelrt aus einem biaxial orientierten Film, der ein aromatisches 
55 Polyamid Oder eine Legierung von diesem mit einem aliphatischen Polyamid aufweist, wobei der Ballon einen 

berechneten Elastizitatsmodul von 70 bis 190 kg/mm 2 besitzt. 

2. Ballon nach Anspruch 1 , wobei der biaxial orientierte Film im wesentlichen aus einem aromatischen Polyamid oder 



10 



EP 0 537 069 B1 

einer Legierung von diesem mit einem aliphatischen Polyamid besteht. 

3. Ballon fur einen BlutgefaGdilatationskatheter, hergestellt aus einem biaxial orientierten Rim, der eine Legierung 
eines aromatischen Polyamids mit einem modrfizierten Polyolefin, einem Polyphenylenoxid, einem ABS-Harz oder 

5 einem Polyester aufweist, wobei der Ballon einen berechneten Elastizitatsmodul von 70 bis 190 kg/mm 2 besitzt 

4. Ballon nach Anspruch 1 oder 2, wobei das aromatische Polyamid hergestellt wird durch Polykondensation von 
Xylylendiamin mit einer aliphatischen DicarbonsSure. 

10 5. Ballon nach Anspruch 4, wobei die aliphatische Dicarbonsdure Adipinsdure ist. 

6. Ballon nach Anspruch 1 oder 2, wobei das aromatische Polyamid hergestellt wird durch Polykondensation von Iso- 
phthalsdure mit einem aliphatischen Diamin. 

15 7. Ballon nach Anspruch 6, wobei das aliphatische Diamin Hexamethylendiamin ist. 

8. Ballon nach einem der Anspruche 1, 2 und 4 bis 7, wobei die Legierung des aromatischen Polyamids bis zu 50 
Gew.-% eines aliphatischen Polyamids enthait. 

20 9. Ballon nach Anspruch 8, wobei das aliphatische Polyamid wenigstens eine Verbindung ist, ausgewahlt aus der 
Gruppe bestehend aus Nylon 6, Nylon 64, Nylon 66, Nylon 610, Nylon 612, Nylon 46, Nylon 9, Nylon 11, Nylon 12 
und Polyetheramid. 



25 



10. Ballon nach einem der Anspruche 1 bis 9, wobei der Ballon einen ReiBdruck von wenigstens 10 kg/cm 2 besitzt. 
Revendications 



1 . Ballonnet pour un cath6ter de dilatation de vaisseaux sanguins fabriqu§ a partir d'un film orients biaxialement conv 
prenant un polyamide aromatique ou un alliage de celui-ci avec un polyamide aliphatique, ledit ballonnet ayant un 

30 module d'6lasticit6 calcuia de 70 a 1 90 kg/mm 2 . 

2. Ballonnet selon la revendication 1 , dans lequel ledit film orients biaxialement consiste esserrtieilement en un poly- 
amide aromatique ou en un alliage de celui-ci avec un polyamide aliphatique. 

35 3. Ballonnet pour un catheter de dilatation de vaisseaux sanguins fabriqu6 a partir d'un film orients biaxialement com- 
prenant un alliage d'un polyamide aromatique avec une polyol6f ine mod'rf i6e, un poly(oxyde de ph£nyl&ne), une 
r§sine ABS ou un polyester, ledit ballonnet ayant un module d'6lasticit§ calculi de 70 a 190 kg/mm 2 . 

4. Ballonnet selon la revendication 1 ou 2, dans lequel ledit polyamide aromatique est un polyamide pr£par£ par poly- 
40 condensation de la xylyl&nediamine avec un acide dicarboxylique aliphatique. 

5. Ballonnet selon la revendication 4, dans lequel ledit acide dicarboxylique aliphatique est I'acide adipique. 

6. Ballonnet selon la revendication 1 ou 2, dans lequel ledit polyamide aromatique est un polyamide pr§par6 par poly- 
45 condensation de I'acide isophtalique et d'une diamine aliphatique. 

7. Ballonnet selon la revendication 6, dans lequel ladite diamine aliphatique est Thexamathyianediamine. 

8. Ballonnet selon I'une des revendications 1, 2 et 4 a 7, dans lequel ledit alliage du polyamide aromatique contient 
so jusqu'a 50 % en poids d'un polyamide aliphatique. 

9. Ballonnet selon la revendication 8, dans lequel ledit polyamide aliphatique est au moins un 6l6merrt choisi dans le 
groupe consistant en le Nylon 6, le Nylon 64, le Nylon 66, le Nylon 610, le Nylon 612, le Nylon 46, le Nylon 9, le 
Nylon 11, le Nylon 12 et un poly&heramide. 



55 



1 0. Ballonnet selon Tune des revendications 1 a 9, dans lequel ledit ballonnet a une pression d'&clatement d'au moins 
10 kg/cm 2 
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